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POWER CONVERTER 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a power converter for performing 
power conversion between a polyphase AC power supply and a polyphase AC 
load, and more particularly to such a power converter capiable of generating a 
multilevel input voltage and a multilevel output voltage. 

2. Description of the Related Art 

A known power converter has a single polyphase input transformer 
with a primary winding and a plurality of secondary windings which are out of 
phase with the primary winding. The primary winding of the polyphase input 
transformer is connected with a polyphase AC power supply so as to receive 
multilevel power therefrom. In addition, the respective secondary windings of 
the polyphase input transformer are connected with power cells, respectively, 
each of which includes a diode rectifier circuit comprising six diodes, a filter 
circuit, and a single-phase inverter circuit. Each power cell has input 
terminals connected with the diode rectifier circuit, and output terminals 
connected with the single-phase inverter circuit. The output terminals of the 
power cell are connected with one another in a cascade series, with the power 
cell output terminals at opposite ends thereof being connected with one neutral 
point and each phase of a polyphase AC load, respectively (for instance, see a 
first patent document: U.S. patent No.5, 625,545 (Fig. 1 and Fig. 4)). 

In such a known power converter, in order to reduce harmonics 
included in the primary winding of the polyphase input transformer, the 
polyphase input transformer uses the plurality of secondary windings so as to 
make the output phases thereof different from one another. Therefore, there 
is a problem that the structure of the polyphase input transformer becomes 
complicated. 

Moreover, with the known power converter, a high rated voltage of the 
polyphase AC load can be accommodated by increasing the number of power 
cells connected in the cascade series. However, the number of the 
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secondary windings of the polyphase input transformer increases in 
accordance with the increasing number of power cells, so the structure of the 
polyphase input transformer becomes further complicated. 

Further, in a polyphase input transformer having a large power 
capacity, electric current passing through primary windings thereof becomes 
large, and hence it becomes difficult to consolidate the primary windings into a 
single piece. 

Furthermore, in known power converters, polyphase transformers are 
generally designed individually based on the capacities of the power 
converters and hence they can be designed relatively compact and small-sized, 
but it is necessary to design the polyphase transformers in accordance with 
varying capacities of the transformers as required. in individual cases. 

Still further. In the above-mentioned known power converter, it is 
necessary to increase the number of power cells in order to enlarge the power 
capacity of the power converter, and hence the number of cables connecting 
between the polyphase transformer and the power cells also increases, thus 
pushing up the construction cost of the power converter accordingly, too. 

In addition, it will readily be considered by those skilled in the art that in 
case where the rated current of the AC current load to be driven by the 
above-mentioned known power converter becomes large, the plurality of 
diodes, which constitute the diode rectifier circuit of each power cell, are 
connected in parallel with one another, and at the same time a plurality of 
self-arc-extinguishing type semiconductor devices and a plurality of diodes, 
which together constitute the single-phase inverter circuit, are also connected 
in parallel with one another so as to to accommodate such a large current. In 
this case, however, to accommodate the capacities of a variety of AC loads, 
there arises a need to provide a plurality of power cells with the number of 
parallel connections of their components being different from one another in a 
variety of manners. When bearing the standardization of the power cells in 
mind, this requires that a plurality of power cells with a different number of 
parallel connections between self-arc-extinguishing type semiconductor 
devices and diodes are prepared as standard cells, thus resulting in increased 
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manufacturing cost. 
SUMMARY OF THE INVENTION 

Accordingly, the object of the present invention is to provide a- power 
converter which includes a polyphase transformer of a simple structure and a. 
plurality of power cells having the same specifications, and which is capable of 
outputting a large current while reducing harmonics flowing into an AC power 
supply and an AC load. 

in order to achieve the above object, the present invention resides in a 
power converter including a plurality of power units, each of which includes: an 
input transformer group including at least one input transformer having at least 
one primary winding connected with a first polyphase AC power supply and at 
least one secondary winding; a polyphase self-excited rectifier circuit 
connected with the secondary winding; and a single-phase self-excited inverter 
circuit connected with the polyphase self-excited rectifier circuit through a DC 
link circuit to generate a single-phase power output. Adjacent ones of the 
power units in each phase are sequentially cascaded in series with one 
another, with one of the power units at one end of the cascade connection 
being connected with a polyphase AC load, another one of the power units at 
the other end of the cascade connection being connected with a neutral point, 
whereby electric power is input from the first polyphase AC power supply to the 
power units and output therefrom to the polyphase AC load, or the electric 
power of the polyphase AC load is regenerated to the first polyphase AC 
power supply. 

The above and other objects, features and advantages of the present 
invention will become more readily apparent to those skilled in the art from the 
following detailed' description of preferred embodiments of the present' 
invention taken in conjunction with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view showing the circuit configuration of a power converter 
according to a first embodiment of the present invention. 

Fig, 2 is a view showing the circuit configuration of a power unit applied 
to the power converter of Fig. 1 . 
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Fig. 3 is a view showing the circuit configuration of a power cell applie 
d d to the power converter of Fig. 1 . 

Fig. 4 is a view showing the detailed circuit configuration of the power 
cell of Fig. 3. 

Fig. 5 is a view showing a phase module applied to the power cell of 

Fig. 4. 

Fig. 6 is a view showing the circuit configuration of a power converter 
according to a second embodiment of the present invention. 

Fig. 7 is a constructional view of a power unit used for a power 
converter according to a third embodiment of the present invention. 

Fig. 8 is a view showing the detailed circuit configuration of a power 
cell of a power converter according to a fourth embodiment of the present 
invention. 

Fig. 9 is a circuit configuration diagram of a phase module of the power 
cell of Fig. 8. 

Fig. 10 is a view showing the circuit configuration of the power 
converter of Fig. 8. 

Fig. 11 is a view showing the circuit configuration of a power cell of a 
power converter according to a fifth embodiment of the present invention. 

Fig. 12 is a circuit configuration diagram of a phase module of the 
power cell of Fig. 1 1. 

Fig. 13 is a view showing the circuit configuration of the power 
converter of Fig. 1 1 . 

Fig. 14 is a view showing a modification of the circuit configuration of 
the power converter of Fig. 1 1 . 

Fig. 15 is a layout view of a power cell of a power converter according 
to a sixth embodiment of the present invention. 

Fig. 16 is another layout view of the power cell of the power converter 
according to the sixth embodiment of the present invention. 

Fig. 17 is a view showing the circuit configuration of a power converter 
according to a seventh embodiment of the present invention. 
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Fig. 18 is a view showing an electric current bypass route of the power 
cell of Fig. 4. 

Fig. 19 is a view showing another electric current bypass route of the 
power cell of Fig. 4, 

Fig. 20 is a view showing an electric current bypass route of the power 
cell of Fig. 8. 

Fig. 21 is a view showing another electric current bypass route of the 
power cell of Fig. 8. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now, preferred embodiments of the present invention will be described 
in detail while referring to the accompanying drawings. 
Embodiment 1 . 

Fig. 1 is a view that shows the circuit configuration of a power 
converter according to a first embodiment of the present invention, wherein the 
power converter includes four power units. Fig. 2 shows the circuit 
configuration of each of the power units constituting the power converter of Fig. 
1. Fig. 3 shows the circuit configuration of a power cell of the power unit of 
Fig. 2. Fig. 4 shows the detailed circuit configuration of the power cell. of Fig. 
3. Fig. 5 shows the circuit configuration of a phase module of Fig. 4. 

As shown in Fig. 1, the power converter, generally designated at 
reference numeral 1, serves to connect between a polyphase AC power supply 
2 and a polyphase AC load 3 in such a manner that electric power is supplied 
from a polyphase AC power supply 2 to a polyphase AC load 3, or electric 
power is regenerated from the polyphase AC load 3. to the polyphase AC 
power supply 2. In the following explanation, the polyphase power converter 
comprising a three-phase power converter will be described while assuming 
that the number of phases is three, however, the number of phases is not 
limited to three but may be any other than this as required by the polyphase 
AC load 3. Also, the polyphase AC load 3 comprises a three-phase motor for 
driving a compressor in this embodiment, but it may be any polyphase electric 
device. 

The three-phase power converter 1 includes four power units 4a, 4b, 
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4c, 4d which are connected in a cascade series with one another and which 
have all the same circuit configuration. The power units 4a, 4b, 4c, 4d have 
first input terminal groups 5a, 5b, 5c, 5d, respectively, which are respectively 
connected with the polyphase AC power supply 2, which comprises a 
three-phase AC power supply in this embodiment. The first or initial power 
unit 4a has a first output terminal group 6a connected with a neutral point 8. 
The fourth or last power unit 4d has a second output terminal group 7d 
comprising three output terminals connected with corresponding three-phase 
terminals of the polyphase AC load 3. Also, the power unit 4a has a second 
output terminal group 7a connected with a first output terminal group 6b of the 
second power unit 4b, which has a second output terminal group 7b in turn 
connected with a first-output terminal group 6c of the third power unit 4c, which 
has a second output terminal group 7c in turn connected with a first output 
terminal group 6d of the fourth or last power unit 4d. 

As shown in Fig. 1, the output voltages of the power units 4a, 4b, 4c, 
4d are output to the first output terminal groups 6a, 6b, 6c, 6d and to. the 
second output terminal groups 7a, 7b, 7c, 7d. Here, note that the rated 
values of the output voltages are assumed to be 3.3 kV. When electric power 
is supplied, to the polyphase AC load 3 of a voltage of 13.2 kV, all the four 
power units 4a, 4b, 4c. 4d are needed, and hence the three-phase power 
converter 1 includes the four power units 4a, 4b, 4c, 4d. In this case, at least 
12 cables are necessary for connecting the polyphase AC power supply 2 in 
the form of a three-phase power supply and the power units 4a, 4b, 4c, 4d in 
the form of three-phase power units with one another. 

Here, note that an item 38 in Fig. 1 is not related to this first 
embodiment but to an eighth embodiment which will be described later. 

As shown in Fig. 2, each power unit, representatively designated at 
reference numeral 4, includes a single input transformer 9 having a single 
primary winding 10 and three secondary windings 11a, lib, 11c, and three 
power cells 12a, 12b, 12c. The polyphase AC load .3 comprises a 
three-phase motor that requires three single-phase power outputs. The 
primary winding 10 of the input transformer 9 is connected with a first input 
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terminal group 5, and the secondary windings 11a, lib, 11c of the input 
transformer 9 are connected with first input terminal groups 13a, 13b, 13c of 
the power cells 12a, 12b, 12c, respectively. An input transformer group 34 of 
the power unit 4 of Fig. 2 comprises the single input transformer 9. 

The first power cell 12a has a first output terminal 14a connected with 
one of the terminals of a first output terminal group 6 of the power unit 4, and a 
second output terminal 15a connected with one of the terminals of a second 
output terminal group 7 of the power unit 4. Also, the other power cells 12b, 
12c of the power unit 4 each have a first output terminal 14b or . 14c and a 
second output terminal 15b or 15c connected with the first output terminal 
group 6 and the second output terminal group 7, respectively, as in the power 
cell 12a. At least 36 cables are required for connecting between the 
secondary windings 11a, lib, 11c of the input transformers 9 and the 
respective power cells 12a, 12b, 12c of the four power units 4a, 4b, 4c, 4d. 

As shown in Fig. 3, a power cell, representatively designated at 
reference numeral 12, includes a three-phase seif-excited rectifier circuit 16, a 
DC link circuit 17, and a single-phase self-excited inverter circuit 18. The 
three-phase self-excited rectifier circuit 16 rectifies a voltage input to a first 
input terminal group 13, and adjusts the input power factor thereof so that a 
voltage across a filter capacitor 36 of the DC link circuit 17 can be properly 
controlled. In addition, the single-phase self-excited inverter circuit 18 outputs 
in a single-phase the voltage of the DC link circuit 1 7 to the first output terminal 
14 and the second output terminal 15 for a prescribed period of time. 

As shown in detail in Fig. 4, the polyphase self-excited rectifier circuit 
16 of the power cell 12 includes three phase modules 19a, 19b, 19c, and the 
single-phase self-excited inverter circuit 18 includes two phase modules 19d, 
19e, all the phase modules being of the same circuit configuration. Here, 
note that with respect to the power units and the power cells, the definition of 
the input and output is based on the case where electric power is supplied 
from the polyphase AC power supply to the polyphase AC load. Conversely, 
with respect to the phase modules, it is defined that the direction in which 
direct current is converted into alternating current is defined as an input 
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direction. 

As concretely shown in Fig. 5, a phase module, representatively 
designated at reference numeral 19, includes a pair of self-arc-extinguishing 
type semiconductor devices 23a, 23b connected in series with each other and 
a pair of serially connected diodes 24a, 24b which are connected in antiparallel 
with the serially connected semiconductor devices 23a, 23b. The phase 
module 19 has a first input terminal 20 connected with a positive, terminal 37a 
of the DC link circuit 17, and a second input* terminal 21 connected with a 
negative terminal 37b thereof. Further, as shown in Fig. 4, the phase 
modu^es 19a, 19b, 19c each have a first output terminal 22a, 22b, 22c, 
respectively, connected with the first input terminal group 13, whereas the 
phase module 19d has a first output terminal 22d connected with the second 
output terminal 15, and the phase module 19e has a first output terminal 22e 
connected with the first output terminal 14. 

Such a three-phase power converter 1 is able to control the power 
factor of the input transformer 9, i.e., the phase of current flowing through the 
secondary windings 1 1 of the input transformer 9 with respect to the voltage of 
the first input terminal group 5 by controlling to turn on and off the 
self-arc-extinguishing type semiconductor devices 23a, 23b of the phase 
modules 1 9a, 1 9b, 1 9c of the power cell 1 2a in Fig. 2. 

In addition, it is possible to suppress the leakage of harmonics to the 
primary winding 10 of the input transformer 9. As a result, the phases of 
electric currents flowing into the first input tenriinar groups 5a, 5b, 5c, 5d with 
respect to the voltage of the polyphase AC power supply 2, i.e., the power 
factor, can be controlled so that harmonics flowing into the polyphase AC 
power supply 2 can be suppressed. 

In addition, by controlling to turn on and off the self-arc-extinguishing 
type semiconductor devices 23a, 23b of the phase modules 19a - 19e 
constituting the power cells 12a, 12b, 12c, voltages are output from the power 
cells 12a, 12b, 12c to the first output terminal group 6 and the second output 
terminal group 7. Thus, a voltage corresponding to the sum of voltages 
between the first respective output terminal groups 6a - 6d and the second 
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respective output terminal groups 7a - 7d of the power units 4a, 4b, 4c, 4d can 
be applied to the polyphase AC load 3. 

The number of switchings of the diode rectifier circuit when diode 
rectifiers are used instead of the three-phase sejf-excited rectifier circuit 16 is 
fixed to six times or so, and the phase of switching is fixed, too. On the other 
hand, in the three-phase self-excited rectifier- circuit 16, the number of 
switchings of the self-arc-extinguishing type semiconductor devices 23a, 23b 
of the phase module 19 constituting the rectifier circuit 16 can be arbitrarily set 
to any value, i.e., even to a value exceeding six, and the phases of the 
switchings can be controlled, so that harmonics in the secondary windings 10 
of the input transformer 9 of Fig. 2 can be suppressed more effectively. 

Furthermore, when the voltage of the polyphase AC power supply 2 is 
supplied by a plurality of distributed and independent generators, the voltage of 
the polyphase AC power supply 2 becomes unstable, and in such a case, in a 
conventional diode rectifier circuit, a voltage variation of the polyphase AC 
power supply 2 influences the voltage of the filter capacitor 36 in the power cell 
12. In the three-phase self-excited rectifier circuit 16 of the present invention, 
however, the voltage of the filter capacitor 36, being able to be controlled 
according to the voltage variation of the. polyphase AC power supply 2, is free 
from any influence of such a voltage variation in the polyphase AC power 
supply 2. 

Accordingly, when the voltage of the polyphase AC power supply 2 
becomes low for instance, the three-phase power converter 1 is able to 
continue to operate due to the voltage boost operation of the three-phase 
self-excited rectifier circuit 16, whereas when the voltage of the polyphase AC 
power supply 2 becomes high, overvoltage of the filter capacitor 36 can be 
effectively prevented by the voltage lowering operation of the three-phase 
self-excited rectifier circuit 16. 

Moreover, it is possible to prevent an overvoltage failure or damage to 
the self-arc-extinguishing type semiconductor devices 23a, 23b and the diodes 
24a, 24b, together constituting the phase module 19. 

Since such a power converter is constructed from a plurality of the 
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same power units, a change in the required voltage of the polyphase AC load 
can be accommodated merely by changing the number of the power units 
used. Accordingly, there is no need to change the input transformer or the 
like, thus making it possible to enhance the reliability of the power converter. 

In addition, by combining standard phase modules with each other, it is 
possible to construct the polyphase self-excited rectifier circuit and the 
single-phase self-excited inverter circuit, whereby the power converter can be 
provided at low cost. 

Further, the number of switchings for the self-arc-extinguishing type 
semiconductor device can be set arbitrarily, and the phase of the switching 
thereof can be controlled, as a consequence of which harmonics can be 
suppressed more effectively. 

Furthermore, the use of the power cells each having the self-excited 
rectifier circuit serves to stabilize the polyphase AC power supply. 

Still further, since the input transformer has the plurality of secondary 
windings connected with the power cells, there is no need to use a 
phase-shifting winding transformer, thereby making it possible to reduce the 
cost of the input transformer. 

Here, note that the number of power cells 4 can be arbitrarily selected 
according to the polyphase AC load 3. 
Embodiment 2. 

Fig. 6 is a view showing the circuit configuration of a power converter 
according to a second embodiment of the present invention, in which power 
units employed therein are similar to those of Fig. 2, thus omitting an 
explanation of similar portions. . 

As shown in the circuit configuration of Fig. 6, a three-phase power 
converter 1 of this second embodiment is suitable when a polyphase AC load 3 
requires an electric current greater than that in the first embodiment. In the 
following, a description will be made with the polyphase AC load 3 being a 
three-phase multiple winding motor for instance. 

Provision is made for a first and a second neutral point 8a, 8b, and with 
the first neutral point 8a thereof is serially connected a first output terminal 



10 



group 6a of a first power unit 4a. A second output terminal group 7d of a 
fourth power unit 4d is connected in series with the polyphase AC load 3, and 
a first output terminal group 6e of a fifth power unit 4e is connected in series 
with the. second neutral point 8b, and a second output terminal group 7h of an 
eighth power unit 4h is connected with the polyphase AC load 3. In addition, 
the first input terminal groups 5a - 5h of the first through eighth power units 4a 
- 4h are all connected with the polyphase AC power supply 2. Thus, by 
connecting power units with one another, which are of the same electric rating 
as that of the power units of Fig. 2 and are two times as many as the latter, as 
shown in Fig. 6, the current capacity of the three-phase power converter 1 
equal to the double of that shown in Fig. 1 can be obtained. In this case, 
however, the voltage rating remains the same, i.e., 13.2 kV. 

Such a power converter is constructed from a plurality of the same 
power units, and hence a change in the required voltage of the polyphase AC 
load can be accommodated merely by changing the number of the power units 
used. Therefore, there is no need to change the input transformer or the like, 
thus making it possible to enhance the reliability of the power converter. 

Though the three-phase multiple winding motor has been assumed to 
be used herein, it will be clear that the three-phase power converter 1 of Fig. 6 
does not limit the polyphase AC load 3. 
Embodiment 3. 

Fig. 7 shows the circuit configuration of a povyer unit 4 used in a power 
converter according to a third embodiment of the present invention. The 
power unit 4 in this embodiment differs from the one shown in Fig. 2 only in 
that each of power cells of the power unit has an input transformer, but it is 
similar in other respects, and an explanation of the similar portions is omitted. 

An input transformer group 34 of the power unit 4 includes three input 
transformers 9a, 9b, 9c for three phases, respectively. These input 
transformers 9a, 9b, 9c correspond to power cells 12a, 12b, 12c, respectively. 
The input transformers 9a, 9b, 9c have single primary windings 10a, 10b, 10c 
and single secondary windings 11a, lib, 11c, respectively. The primary 
windings 10a, 10b, 10c are connected with a first input terminal group 5 so as 
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to receive electric power from an unillustrated polyphase AC power supply 
(confer the element 2 in Fig. 1). In addition, the secondary windings 11a, lib, 
11c of the input transformers 9a, 9b, 9c are connected with first input terminal 
groups 13a, 13b, 13c of the power cells 12a, 12b, 12c, respectively. 

The first power cell 12a has a first output terminal 14a connected with 
one of the terminals of a first output terminal group 6 of the power unit 4,. and a 
second output terminal 15a connected with one of the terminals of a second 
output terminal group 7 of the power unit 4. As for the other second and third 
power cells 12b, 12c, the configuration thereof is similar to that of the first 
power cell 12. 

Such a power converter has an input transformer for each power cell 
and hence need not use a phase-shifting winding transformer. Therefore, it is 
possible to reduce not only the cost of the input transformer but also the 
electric power (electric current) passing therethrough, as a result of which the 
entire power converter can be reduced in size. 
Embodiment 4. ■ 

Fig. 8 shows the circuit configuration of a power cell of a power 
converter according to a fourth embodiment of the present invention. Fig. 9 
shows the circuit configuration of a phase module used for the power cell of 
Fig. 8. Fig. 10 shows the circuit configuration of a power converter using the 
power unit of Fig. 8. 

The three-phase power converter, generally designated at reference 
numeral 1, in the fourth embodiment of the present invention includes two 
power units 4a, 4b, each of which is different from the power unit 4 of Fig. 2 
only in the configuration of a power cell, representatively designated at 
reference numeral 12, but the power converter 1 of this embodiment is similar 
in the other respects to that of Fig. 1 , thus omitting an explanation of the similar 
portions. 

As shown in Fig. 8, the power cell 12 includes a three-level 
three-phase self-excited rectifier circuit 16, a DC link circuit 17 comprising two 
filter capacitors 36a, 36b, and a three-level single-phase self-excited inverter 
circuit 18. The power cell 12 has a first output terminal 14, a second output 
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terminal 15 and a first input terminal group 13 connected in the same manner 
as in the power cell 12 of Fig. 4. 

As shown in Fig. 9, a phase module, representatively designated at 
reference numeral 19, includes a pair of self-arc-extinguishing type 
semiconductor devices 23a, 23b connected in series with each other, and a 
pair of serially connected diodes 24a - 24d which are connected in antiparallel 
with diodes 24b, 24c connected in series with each other. By controlling the 
arc-extinguishing type semiconductor devices 23a - 23d to turn them on and 
off, the phase module 1 9 can select one of three different voltages at a first 
input terminal 20 (potential P), a third input terminal 25 (potential C) and at a 
second input terminal 21 (potential N) to output it at a first output terminal 22. 

The electrical specifications of the self-arc-extinguishing type 
semiconductor devices 23a - 23d and the diodes 24a - 24f used in the phase 
module 19 of Fig. 9 are such that each of the power units 4a, 4b has an output 
voltage of 6.6 kV when the phase module 19 is the same as that of Fig. 5. 
When a voltage of 13.2 kV is to be supplied to a polyphase AC load 3, the 
number of power units as required becomes two as shown in Fig. 10, and two 
power units 4a, 4b are used to construct the three-phase power converter 1. 
Thus, the number of cables required for connecting the polyphase AC power 
supply 2 and the power units 4a, 4b with one another becomes six, and the 
number of cables required for connecting^ three secondary windings 11a - 11a 
of an input transformer 9 and three power cells 12a - 12c of each of the power 
units 4a, 4b (confer Fig. 2) becomes 18, and hence can be reduced to a 
substantial extent. 

Such a power converter, using the power cells each provided with the 
three-level type self-excited rectifier circuit, is able to not only stabilize the 
polyphase AC power supply but also reduce harmonics flowing into the 
polyphase AC power supply. In addition, since the number of power cables 
used for electrical connections can be decreased, the construction cost of the 
power converter can also be reduced. 

Moreover, it is possible to reduce not only the cost of the three-phase 
power converter 1 itself but also the construction cost thereof. ' In this case, it 
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is preferred that the adjustment of voltage balance of the three-level type filter 
capacitors 36a, 36b be carried out by the three-level type three-phase 
self-excited rectifier circuit 16. 

Furthermore, as an additional advantageous effect, it is possible to 
further reduce harmonics, which are included in the input of the three-level 
type three-phase self-excited rectifier circuit 16 and hence in the first input 
terminal group 5 and are flowing out into the polyphase AC power supply 2. 

Here, it goes without saying that there is no need to limit the output 
voltage of each of the power units 4a, 4b to 6.6 kV. 
Embodiments. 

Fig. 11 shows the circuit configuration of a power cell for a- power 
converter according to a fifth embodiment of the present invention. Fig. 12 
shows the circuit configuration of a phase module of the power cell of Fig. 11. 
Fig. 13 shows the circuit configuration of a power converter using a plurality of 
power cells each shown in Fig. 11. 

Although the power cell 12 shown in Fig. 8, including the three-level 
type three-phase self-excited rectifier circuit 16, can accommodate the 
bidirectional flows of electric power in a direction to supply power and in a 
reverse direction to regenerate power, a power converter with a unidirectional 
flow of electric power may be used according to the kind of the polyphase AC 
load 3. Fig. 11 shows the circuit configuration of a power cell 12 in such a 
three-phase power converter 1 with the flow of electric power being in a 
direction to supply power alone. 

The power cell 12 of Fig. 11 has a first input terminal group 13 and a 
second input terminal group 30. The first input terminal group 13 is 
connected with a polyphase diode rectifier circuit 26a using phase modules 
19a - 19c, as shown in Fig. 12, whereas the second input terminal group 30 is 
connected with a polyphase diode rectifier circuit 26b using phase modules 19f 
- 19h'. Charging voltages for the three-level type filter capacitors 36a, 36b are 
kept in balance with each other by means of these two polyphase diode 
rectifier circuits 26a, 26b. What is to be considered in this case is harmonics 
in the first input terminal group 5. As shown in Fig. 13, an input transformer 
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group 34 of the power unit 4 includes three input transformers 9a, 9b, 9c. The 
input transformers 9a, 9b, 9c are winding-type transformers each having a 
single primary winding 10a, 10b, 10c and a secondary winding pair 35a, 35b, 
35c including a delta connection and a star connection. The secondary 
winding pairs 35a, 35b, 35c each comprises secondary windings 11a, 11c, lie 
connected in a delta configuration, and secondary windings lib, lid, 11f 
connected In a star configuration. Each of the secondary windings is 
connected with a first input terminal group 13a, 13b, 13c and a second input 
terminal group 30a, 30b, 30c, mutually different from each other, of the 
corresponding power cells 12a, 12b, 12c. According to. such a configuration, 
generations of harmonics on the primary windings 10a, 10b, 10c sides of the 
input transformers 9a, 9b, 9c become about 12 times corresponding to the 
number of switchings of the polyphase self-excited rectifier circuit 16. 
Therefore, it is possible to effectively suppress harmonics without using 
polyphase winding transformers of complex configurations as the input 
transformers 9a, 9b, 9c. 

Such a power converter using input transformers each having the two 
secondary windings one with a star connection and the other with a delta 
connection can suppress harmonics in the primary windings of the input 
transformers. 

In addition, the input transformer group 34 may comprise, instead of 
the three input transformers, a single input transformer 9 having one primary 
winding 10 and three secondary winding pairs 35a, 35b, 35c, as shown in Fig. 
14. In this case, the input transformer 9 may have one primary winding 10 
and six secondary windings, while providing a similar advantageous effect. 
Embodiment 6. 

Fig. 15 shows the circuit configuration of power cells in a power 
converter according to a sixth embodiment of the present invention, and Fig. 
16 shows the circuit configuration of power cells in a modified power converter 
according to a sixth embodiment of the present invention. In Fig. 15, the 
power ceils similar to those shown in Fig. 4 are used, and hence an 
explanation of similar portions is omitted. In Fig. 16, the power cells similar to 
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those shown in Fig. 8 are used. 

As shown in . Fig. 15, each of the power cells 12a - 12c comprises five 
phase modules 19a - 19e arranged horizontally in a line. Moreover, 
horizontally, extending direct current buses 31a, 31b are connected with two 
terminals 37a, 37b of a DC link circuit 17 (see Fig. 4) common to the phase 
modules 19a - 19e, so that they distribute potentials P, N to the phase modules 
19a - 19e, respectively. Further, it is necessary to cool the 
self-arc-extinguishing type semiconductor devices 23a, 23b and the diode 24a, 
24b, which together constitute the phase module 19 as shown in Fig. 4, or 
other parts for which forced cooling is required, by using a cooling medium 
such as cooling water. At least inlet-side and outlet-side cooling headers 32a 
- 32c through which the cooling medium is flowing are arranged in parallel to 
the direct current buses 31a, 31b so as to make common use of the cooling 
medium for the phase modules 19a - 19e, whereby the cooling medium is 
distributed from the cooling headers 32a - 32c to the respective phase 
modules 19a - 19e. In addition, the power cell portions of the power unit 4, 
i.e., a power cell rack 33 of Fig. 2, is constructed by stacking the power cells 
12a, 12b, 12c, for example, in three layers with insulating parts such as 
insulators for insulating line-to-line voltages being disposed between adjacent 
power cells. When five phase modules 19a - 19e constituting each power cell 
12a, 12b, 12c are horizontally arranged as shown in Fig. 15, the same 
insulation design is applicable to the electric members and the water-cooling 
members used for all the phase modules 19. For instance, the three-phase 
power converter 1 of Fig. 1 can be achieved by using four power cell racks 33 
each shown in Fig. 15. It is preferable that a filter capacitor 36, which is a 
component of the DC link circuit 17, be arranged in parallel to the direct current 
buses 31a, 31b in such a manner as to form a distribution constant circuit for 
instance in order to reduce the influence of voltage oscillations due to the 
floating inductance of the direct current buses 31a, 31b. 

In such a power converter,' the directions in which the direct current 
buses and the cooling headers are extended are the same as the directions in 
which the plurality of phase modules are arranged, and hence an insulation 
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reference of each power cell, which is composed of a plurality of phase 
modules, can be made as the voltage of each direct current bus, whereby the 
power cells can be reduced in size, thus making it possible to minimize the 
overall size of the power converter. 

Here, note. that in cases where the power cells 12a, 12b, 12c are of the 
three-level type as shown in Fig. 8. horizontally extending direct current buses 
31a - 31c are connected with three terminals 37a, 37b, 37c of a DC link circuit 
common to phase modules 19a - 19e, as shown in Fig. 16, so that they 
distribute potentials P, C, N to the phase modules 19a - 19e, respectively. In 
this connection, there is no difference in the arrangement, operation and 
resultant advantageous effect of cooling buses 32a - 32c and filter capacitors 
of the DC link circuit (see the filter capacitors 36a, 36b of the DC link circuit 17 
in Fig. 8) between the configurations of Fig. 15 and Fig. 16. 
Embodiment 7. 

Fig. 17 shows the circuit configuration of a power converter according 
to a seventh embodiment of the present invention, in which power units 
employed therein are similar to those of Fig. 1, thus omitting an explanation of 
similar portions. 

The three-phase power converter, generally designated at reference 
numeral .1, are constructed such that a first power unit 4a has a first output 
terminal group 6a connected with a second polyphase AC power supply 2b, 
and a fourth power unit 4d has a second output terminal group 7d connected 
with a third polyphase AC power supply 2c. In addition, first through fourth 
power units 4a - 4h have their respective first input terminal groups 5a - 5h all 
connected with a polyphase AC power supply 2a. With such connections, it 
becomes possible to control power interchange or tidal current between the 
second polyphase AC power supply 2b and the third polyphase AC power 
supply 2c by means of the three-phase power converter 1. In this control, 
necessary electric power can be received from the first polyphase AC power 
supply 2a. 

In addition, if such performance is enhanced, it will be possible to 
achieve power interchange among the first polyphase AC power supply 2a, the 
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second polyphase AC power supply 2b and the third polyphase AC power 
supplies 2c. Moreover, a relatively great amount of effective power is needed 
to compensate for a voltage variation in the second polyphase AC power 
supply 2b or the third polyphase AC power supply 2c, or to suppress an 
overcurrent that is caused to flow due to an accident of these power supplies. 
In this case, obtaining effective electric power from the first polyphase AC 
power supply 2a eliminates the need for providing a constraint for the period in 
which a voltage variation can be compensated or for the period in which an 
overcurrent can be suppressed. In this connection, it should be noted that in 
order to achieve the same function as stated above when the second and third 
polyphase AC power supplies 2b, 2c are not connected with the first polyphase 
AC power supply 2a through the power converter 1, it is necessary to limit the 
compensation or suppression period due to an increase in the electrostatic 
capacity of a filter capacitor in each power cell (confer the filter capacitor 36 in 
the power cell 12 in Fig. 4). 

Such a power converter is constructed from a plurality of the same 
power units, and hence a voltage difference between the first polyphase AC 
power supply 2a and the second or third polyphase AC power supply 2b or 2c 
can be accommodated merely by changing the number of the power units 
used. Accordingly, there is no need to change the input transformer or the 
like, thus making it possible to enhance the reliability of the power converter. 
Furthermore, since power interchange between the first polyphase AC power 
supply 2a and the second and third polyphase AC power supplies 2b, 2c 
becomes possible, the stability of the entire polyphase AC power supplies can 
be improved. 
Embodiment 8. 

A power converter according to an eighth embodiment of the present 
invention is different from the above-mentioned embodiments 1 through 7 only 
in that it is connected with a turbogenerator group 38, as shown in Fig. 1 , but it 
is similar to them in the other respects and hence an explanation of similar 
portions is omitted. 

When the voltage of a polyphase AC power supply 2 in such a 
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three-phase power converter 1 is maintained by the turbogenerator group 38, it 
is possible to maintain the power factor of the power supply at a value higher 
when a three-phase self-excited rectifier circuit 16 is used than when a diode 
rectifier circuit is used. As a result, in case where a new turbogenerator is 
introduced, the turbogenerator with a low rated capacity can be applied. 

On the other hand, in the case of an existing turbogenerator, the 
operating condition of the turbogenerator can be set to a power output that is 
lower than the rating, and hence there is provided an advantageous effect that 
more reliable operation can be expected. 
Embodiment 9. 

Fig. 18 shows a power unit protective device in a power converter 
according to a ninth embodiment of the present invention, and Fig. 19 is a view 
similar to Fig. 18 but shows that a self-arc-extinguishing type semiconductor 
device of a phase module is in a failure. A power cell in this embodiment 
differs from that of Fig. 3 only in the provision of the protective device but is 
similar thereto in the other respects and hence an explanation of the similar 
portions is omitted. 

Now, reference will be made to the operation of the protective device 
when a failure occurs in a single-phase self-excited inverter circuit 18 in a 
power cell 12a in a power unit 4a among serially connected power units 4a - 
4d of a three-phase power converter 1 (confer Fig. 2). In Fig. 18, there are 
shown phase modules 19d; 19e of the power cell 12 in Fig. 4. When a 
self-arc-extinguishing type semiconductor device 23b of the phase module 19e 
of the single-phase self-excited inverter circuit 18 has failed, a 
self-arc-extinguishing type semiconductor device 23b of another normally 
operating phase module 19d, which is arranged at the same location as the 
failed self-arc-extinguishing type semiconductor device 23b of the phase 
module 19e is, is forcedly fired and the other self-arc-extinguishing type 
semiconductor device 23a in the phase module 19d is forcedly extinguished. 
Thus, the . switching , state of the normally operating phase module 19d is 
forcedly fixed by turning on and off the self-arc-extinguishing type 
semiconductor devices 23b, 23a, respectively, whereby it is possible to ensure 
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a route for a bidirectional electric current to bypass a DC link circuit 17, as 
indicated by the solid line in Fig. 18, as a result of which the failed power cell 
12a can be protected from an overvoltage which might otherwise be applied to 
the failed power cell 12a. 

Similarly, when the self-arc-extinguishing type semiconductor device 
23b of the phase module 19d of the single-phase self-excited inverter circuit 18 
has failed, as shown in Fig. 19, a self-arc-extinguishing type semiconductor 
device 23b of another normally operating phase module 19e, which is 
arranged at the same location as the failed self-arc-extinguishing type 
semiconductor device 23b of the phase module 19d is, is forcedly fired and the 
other self-arc-extinguishing type semiconductor device 23a in the phase 
module 19d is forcedly extinguished, whereby the failed power cell 12a can be 
protected from an overvoltage, as in the previous case. 

In addition, when one fuse is connected with a P terminal or an N 
terminal of each of the phase modules 19d, 19e, all the self-arc-extinguishing 
type semiconductor devices 23a, 23b having no fuse are forcedly fired and the 
other self-arc-extinguishing type semiconductor devices 23b, 23a are forcedly 
extinguished, whereby it is possible to ensure routes for bidirectional electric 
currents to bypass the DC link circuit 17, as shown in Figs. 18 and 19. 
Consequently, the failed power cell 12a can be protected from an overvoltage 
which might otherwise be applied to the failed power cell 12a. 

In other words, either one of the self-arc-extinguishing type 
semiconductor devices 23a, 23b of each of the phase modules 19d, 19e is 
forcedly fired and the other thereof is forcedly extinguished, as shown in 'Fig. 
18 or in Fig. 19. As a result, it is possible to ensure a current path for 
bypassing the electric current of the failed power cell 12a without passing 
through a filter capacitor 36 therein, so that such a failure can be prevented 
from being extended to the other normally operating power units 4b - 4d 
constituting the three-phase power converter. 1 . 

With such a power converter, electric current flowing into a failed 
power cell can be bypassed without passing through the filter capacitor of the 
failed power cell by forcedly firing a certain selected self-arc-extinguishing type 
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semiconductor device. Accordingly, the output voltage of the failed power cell 
can be reduced to a very snnall voltage which is determined by the on voltages 
of the self-arc-extinguishing type semiconductor device and the diode of the 
failed power cell, as compared with the charging voltage of the filter capacitor. 
Ais a consequence, it is possible to continue the operation of the .power 
converter though the rated capacity thereof is decreased. 
Embodiment 10. 

A tenth embodiment of the present invention relates to a -protective 
method for protecting a three-phase power converter 1 when a failure occurs, 
for example, in a single-phase self-excited inverter circuit 18 in a power cell 
12a (confer Fig. 2) in a power unit 4a among serially connected power units 4a 
- 4d in Fig. 1 . In Figs. 20 and 21 , there are shown phase modules 1 9d, 1 9e of 
the power ceiri2 in Fig. 8. When a self-arc-extinguishing type semiconductor 
device 23b of the phase module 19e constituting the single-phase self-excited 
inverter circuit 18 has failed, a self-arc-extinguishing type semiconductor 
device 23c, which is connected in series with the failed self-arc-extinguishing 
type semiconductor device 23b, and mutually serially connected 
self-arc-extinguishing type semiconductor devices 23b, 23c of another 
normally, operating phase module 19d are all forcedly fired or turned on, and at 
the same time self-arc-extinguishing type semiconductor devices 23a, 23d of 
the failed phase module 19e and self-arc-extinjguishing type semiconductor 
devices 23a, 23d of the normally operating phase module 19d are all forcedly 
extinguished or turned off, whereby it is possible to ensure routes for 
bidirectional electric currents to bypass a DC link circuit 17,'^as indicated by 
solid lines in Figs. 20 and 21 , as a result of which the failed power cell 12a can 
be protected from an overvoltage which might otherwise be applied to the 
failed power cell 12a. In addition, when the self-arc-extinguishing type 
semiconductor device 23a of the phase module 19e has failed, the 
self-arc-extinguishing type semiconductor devices 23a, 23b of the phase 
module 19d are forcedly fired. Moreover, when the self-arc-extinguishing type 
semiconductor device 23b of the phase module 19e has failed, the 
self-arc-extinguishing type semiconductor devices 23b, 23c of the failed phase 



21 



module 19d are forcedly fired. Further, when the self-arc-extinguishing type 
semiconductor device 23c of the phase module 19e has failed, the 
self-arc-extinguishing type semiconductor devices 23b, 23c of the phase 
module 19d are forcedly fired. Furthermore, when the self-arc-extinguishing 
type semiconductor device 23d of the phase module 19e has failed, the 
self-arc-extinguishing type semiconductor devices 23c, 23d of the phase 
module 19d are forcedly fired or turned on. In this manner, the power 
converter can be protected against any type of failures in the 
self-arc-extinguishing type semiconductor devices 23a - 23d. 

In addition, when two fuses are connected with a P terminal and an N 
terminal, respectively, of each of the phase modules 19d, 19e, all the 
self-arc-extinguishing type semiconductor devices 23b, 23c are forcedly fired 
or turned on and at the same time all the other self-arc-extinguishing type 
semiconductor devices 23a, 23d are forcedly extinguished or turned off, 
whereby it is possible to ensure routes for bidirectional electric currents to 
bypass a DC link circuit 17, as indicated by the solid lines in Figs. 20 and 21, 
as a result of which the failed power cell 12a can be protected from an 
overvoltage which might otherwise be applied to the failed power cell 12a. 

In other words, either those two of the self-arc-extinguishing type 
semiconductor devices 23a - 23d of each of the phase, modules 19d, 19e 
which are in a serially connected relation with each other are forcedly fired and 
the others thereof are forcedly extinguished, as shown in Fig. 20 or in Fig. 21. 
As a result, it is possible to ensure bypass routes for bidirectional electric 
currents flowing through a failed power cell 12a without passing through the 
filter capacitors 36a, 36b therein, so that such a failure can be prevented from 
being extended to the other normally operating power units 4b - 4d constituting 
the three-phase power converter 1 . 
Embodiment 11. 

The circuit configurations of phase modules 19 (i.e., 19a - 19e) used in 
the three-phase self-excited rectifier circuit 16 and the single-phase 
self-excited inverter circuit 18 of the power cell 12 in Fig. 4 or in Fig. 8 are all 
the same, and hence it is necessary to make the voltage ratings of the 
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self-arc-extinguishing type semiconductor devices 23a - 23d and the diodes 
24a - 24f used for all the phase modules 19 (see Fig. 9) equal to one another. 

In a power converter according to an eleventh embodiment of the 
present invention, the voltage ratings of the self-arc-extinguishing type 
semiconductor devices 23a - 23d and the diodes 24a - 24f of the phase 
modules 19 (19a - 19e) used in the three-phase self-excited rectifier circuit 16 
are less than the voltage ratings of the self-arc-extinguishing type 
semiconductor devices 23a - 23d anci the diodes 24a - 24f of the phase 
modules 19 (19a - 19e) used in the single-phase self-excited inverter circuit 18. 
By so doing, it is possible to improve the electric current utilization factors of 
the self-arc-extinguishing type semiconductor devices 23a - 23d and the- 
diodes 24a - 24f of the three-phase self-excited rectifier circuit 16. This is 
because' the. number of phase modules 19 used in the three-phase self-excited 
rectifier circuit 16 is set to three, whereas the number of phase modules 19 
used in the single-phase self-excited inverter circuit 1 8 is set to two. . 

In this eleventh embodiment, the self-arc-extinguishing type 
semiconductor devices 23a - 23d and the diodes 24a - 24f with, the same 
voltage ratings but different current ratings are used for this purpose. 

In this connection, it is to be noted that such a purpose can be 
achieved by using a different number of self-arc-extinguishing type 
semiconductor devices 23a - 23d and a different number of diodes 24a - 24f 
both of the same voltage ratings and the same current ratings connected in 
parallel with one another. 

Since such a power converter can improve the current utilization factor 
of each phase module, it is possible to fabricate the phase modules used for 
the three-phase self-excited rectifier circuits at low cost. Accordingly, the 
manufacturing cost of the power converter can be reduced. 
Embodiment 12. 

The power converter according to the above-mentioned eleventh 
embodiment uses the phase modules 19 having the same voltage ratings but 
different current ratings. For instance, for the phase modules 19 as shown in 
Fig. 9, there are used phase modules of a small current rating and those of a 
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large current rating. Now, reference will be made to the power cell 12 shown 
in Fig. 8 which is constructed by using these two kinds of phase modules in 
accordance with a twelfth embodiment of the present invention. First, let us 
assume as follows: that is, the single-phase passable output capacity and the 
three-phase passable input capacity of the power cell 12 are XI and Y1, 
respectively, when phase modules of a small current rating are used for the 
phase modules 19a - 19e; the single-phase passable output capacity and the 
three-phase passable input capacity of the power cell 12 shown in Fig. 8 are 
X2 and Y2, respectively, when phase modules of a large current rating are 
used for the phase modules 19a - 19c constituting the power cell 12; the 
single-phase passable output capacity and the three-phase passable input 
capacity of the power cell 12 shown in Fig. 8 are XI and Y2, respectively, 
when phase modules of a small current rating are used for the phase modules 
19a - 19c of the power cell 12 and when phase modules of a large current 
rating are used for the phase modules 19d and 19e of the power cell 12; and 
the single-phase passable output capacity and the three-phase passable input 
capacity of the power cell 12 shown in Fig. 8 are X2 and Y1, respectively, 
when phase modules of a large current rating are used for the phase modules 
19a - 19c constituting the power cell 12 and when phase modules of a small 
current rating are used for the phase module 19d and 19e of the power cell 12. 
In this manner, power cells 12 having four kinds of input passable output 
capacities can be constructed. In other words, even in case where the 
number of power units 4 in a three-phase power converter 1 is one, four kinds 
of three-phase power converters 1 can be provided. 

When an application of the present invention as shown in the 
above-mentioned eleventh embodiment is considered, a power capacity 
necessary to stabilize a polyphase AC power supply varies according to the 
capacity and the voltage control performance of a turbogenerator. If the 
passable input capacity of a power unit 4 can be varied, optimal power cells 12 
thereof can be selected according to the stability of the power unit 4. 

In addition, when the number of power units is two, as shown in Fig. 10, 
a total of nine kinds of (input and output) configurations comprising (2X1, 2Y1), 
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(2X1, 2Y2), (2X1, Y1 + Y2), (2X2, 2Y1), (2X2, 2Y2), (2X2, Y1 + Y2), (XI + X2, 
2Y1), (XI + X2, 2Y2) and (X1 + X2, Y1 + Y2) can be formed as passable input 
and output capacities. In other words, when the nunnber of power units 4 of 
the three-phase power converter 1 is two, nine kinds of three-phase power 
converters 1 can be achieved. 

Since three-phase power converters 1 with much more variety of 
capacities can be constructed by increasing the number of power units 4 in this 
manner, it is possible to provide optimal three-phase power converters 1 for 
polyphase AC loads 3. of various ratings or polyphase AC power supplies 2 of 
various stabilities. 

Moreover, by combining power units of different output capacities with 
one another, a polyphase AC power supply can have much more, various 
passable input capacities as well as much more various passable output 
capacities. 

Further, although three or more phase modules of different current 
ratings can be used, the explanation herein has been made using phase 
modules with two different, large and small, current ratings while keeping in 
mind the use of a smallest possible number of standard phase modules 19. 

Here, note that the above explanation has been made with such a 
configuration of the input transformer group that the number of secondary 
windings of an input transformer is one, two, three and six with respect to one 
primary winding, but the number of primary windings and the number of 
secondary windings are not limited to such combinations but can be increased 
according to the power capacity as required, while providing similar 
advantageous effects. Furthermore, although the number of input 
transformers has been explained as being one or three, it is possible to 
increase such a number according to the power capacity as required, as in the 
case of the number of windings. 

As described above, according to the present invention, there is 
provided a power converter including a plurality of power units, each of which 
comprises: an input transformer group including at least one input transformer 
having at least one primary winding connected with a first polyphase AC power 
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supply and at least one secondary winding; a polyphase self-excited rectifier 
circuit connected with the secondary winding; and a single-phase self-excited 
inverter circuit connected with the polyphase self-excited rectifier circuit 
through a DC link circuit to generate a single-phase power output. Adjacent 
ones of the power units in each phase are sequentially cascaded in series with 
one another, with one of the power units at one end of the cascade connection 
being connected with a polyphase AC load, another one of the power units at 
the other end of the cascade connection being connected with a neutral point, 
whereby electric power is input from the first polyphase AC power supply to the 
power units and output therefrom to the polyphase AC load, or the electric 
power of the polyphase AC load is regenerated to the first polyphase AC 
power supply. With such a construction, a change in the required voltage of 
the polyphase AC load can be accommodated merely by changing the number 
of the power units used. Accordingly, there is no need to change the input 
transformer or the like, thus making it possible to enhance the reliability of the 
power converter. 

While the invention has been described in terms of preferred 
embodiments, those skilled in the art will recognize that the invention can be 
practiced with modifications within the spirit and scope of the appended claims. 
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